Introduction {#Sec1}
============

Hip fracture is a major public health problem, and the incidence rates vary considerably between countries \[[@CR1]--[@CR3]\]. The Norwegian population has one of the highest incidence rates of hip fracture in the world \[[@CR1]--[@CR3]\]. Studies of geographic distribution of hip fracture rates show that the highest rates are observed in Northern Europe and the USA, and the lowest in Latin America, Africa and Asia \[[@CR1]--[@CR3]\]. Ethnic differences in bone mineral density have been identified as a factor to explain some of the geographical differences in rates of both hip fracture and fractures in general \[[@CR4]\].

Even though a decline in the incidence of hip fracture rates has been identified over the last 15--20 years in many Western societies, the total burden of hip fractures is expected to increase in the future because of an increasing number of elderly in the population \[[@CR5]\].

Differences in incidence rates between ethnic groups *within* countries are less studied \[[@CR4], [@CR6], [@CR7]\]. In Norway, 11% of the population in 2012 were first-generation immigrants ([www.ssb.no/statbank](http://www.ssb.no/statbank)), and this percentage is steadily increasing. The aim of the current study was to investigate the risk of hip fracture in individuals with foreign countries of birth living in Norway compared to individuals born in Norway.

Materials and methods {#Sec2}
=====================

Data sources {#Sec3}
------------

The study population consisted of all Norwegian citizens 50 to 89 years who were included in the Population and Housing Census, conducted in 2001. We also included individuals who had immigrated to Norway during the period 1 January 2001 to 31 December 2013 and who were between 50 and 89 years 1 January 2001. The population at risk (50--89 years per 1 January 2001) was updated January 1 each year during 2001--2013 with information from the Population Registry.

The population data was linked to the NORHip database consisting of all hip fractures treated in Norwegian hospitals in the period 1994--2013. NORHip was established by the Norwegian Epidemiologic Osteoporosis Studies (NOREPOS) research collaboration and includes approximately 189,000 hip fractures \[[@CR8]\]. In short, hip fractures were identified through standardised codes for diagnosis during hospitalisation. Information about all patients with a hip fracture diagnosis was extracted from the hospitals' patient administration systems, linked with a unique 11-digit personal identification number. All identifications correspond with the International Classification of Diseases, Ninth Revision (ICD-9): 820--820.9 and Tenth Revision (ICD-10): S72.0-S72.2 \[[@CR8]\]. More information may be found online: [www.norepos.no/documentation](http://www.norepos.no/documentation). The date of death was recorded for those who died during the study period.

Observation time {#Sec4}
----------------

Total observation time for the study started 1 January 2001 (Population and Housing Census) or at arrival to Norway (immigration date). End of follow-up for each participant was hip fracture, emigration, death or the study's ending-point (31 December 2013), in that order of priority. Only individuals with their first hip fracture between 1 January 2001 and 31 December 2013 were included.

Exposure variable {#Sec5}
-----------------

We used region of birth as an approximation for ethnicity. The grouping of the country of birth was based on a previous publication with 15 regions \[[@CR9]\]. Because of relatively few hip fractures among individuals from certain regions, we used only nine regions based on assumed geographic similarities: Norway, Western Europe, Eastern Europe (including former Yugoslavia), Africa, Middle East, Indian subcontinent (including South Asia) and East Asia, North America, Central and South America, and Central and Southeast Asia (Supplementary Table [S1](#MOESM1){ref-type="media"}). Individuals originating from countries in or near the Pacific Ocean were excluded due to few hip fractures within this group. The total population size was 1,392,949 individuals and with 15,190,023 person-years.

Covariates {#Sec6}
----------

Age was divided into four groups based on the individuals' age 1 January 2001: 50--59 years, 60--69 years, 70--79 years, and 80--89 years.

Statistical analyses {#Sec7}
--------------------

We computed age-standardised incidence rates as the number of fractures divided by the number of years at risk of the first hip fracture using a direct standardisation method. The figures are reported as a number of fractures per 10,000 person-years. The Norwegian population represented in the dataset was used as a standard population, and we used 10-year age-strata for standardisation. Cox-regression was used to model the risk of hip fracture as a function of region of birth and age grouped into 5-year categories. The model produced age-adjusted hazard ratios (HR) and corresponding 95% confidence intervals for the risk of hip fracture in groups of regions of birth, compared to those born in Norway. We also conducted a sensitivity study where we fitted two additional models: (1) including age as a continuous variable and (2) including only individuals aged below 80 years. In separate models, we included interaction terms between age and region of birth. In these analyses, we reduced the ethnic groups to four: Norway, Europe, America and Asia/Africa. All analyses were stratified on gender. We used R version 3.6.1 to analyse the data and *p* values less than 0.05 were considered as statistically significant.

Ethics {#Sec8}
------

The present study and the linkage of data were approved by the Regional Committee for Medical and Health Research Ethics, The Norwegian Data Protection Authority, the Directorate of Health and Statistics Norway.

Results {#Sec9}
=======

A total of 97,186 hip fractures were identified: 29,096 in men and 68,090 in women. Mean age at fracture for participants 50--89 years was 79.7 years among men and 82.2 years among women.

Table [1](#Tab1){ref-type="table"} lists the number of individuals, number of hip fractures, age-standardised incidence rates for the different regions of birth and age-adjusted hazard ratios for hip fracture compared to individuals born in Norway. In Norwegian men, the incidence rate (IR) was 41.8 per 10,000 person-years (95% CI 41.3--42.3), whereas IR for other groups ranged from 7.7 (95% CI 0.8--14.4) in Central and Southeast Asia to 45.3 (95% CI 0.0--92.4) per 10,000 person-years in Central and South America (Table [1](#Tab1){ref-type="table"}). In Norwegian women, the incidence rate per 10,000 person-years was 86.3 (95% CI 85.7--87.0), whereas IR in other groups of women ranged from 19.1 (95% CI 9.1--29.1) in Central and Southeast Asia to 75.6 (95% CI 65.8--85.3) per 10,000 person-years in North America (Table [1](#Tab1){ref-type="table"}).Table 1Number of individuals aged 50--89 years old in 2001--2013, number of hip fractures, age-standardised incidence rates (IR) per 10,000 person-years and age-adjusted hazard ratio (HR) of hip fracture with 95% confidence interval (CI) for the different countries of birth--stratified on gender*N*No. hip fracturesIR95% CIHR95% CIMenNorway627,42028,55141.8(41.3--42.3)1(Reference)Western Europe15,88333833.0(29.1--36.9)0.8(0.7--0.8)Eastern Europe31125822.4(16.2--28.5)0.5(0.4--0.7)Africa1469915.1(0.6--29.7)0.3(0.2--0.5)Middle East16041823.1(9.0--37.3)0.5(0.3--0.8)Indian subcontinent and East Asia32703621.7(13.3--30.1)0.5(0.3--0.7)North America18727329.7(22.6--36.8)0.7(0.5--0.9)Central and South America892745.3(0.0--92.4)0.4(0.2--0.8)Central and Southeast Asia128367.7(0.8--14.4)0.2(0.1--0.3)WomenNorway704,41466,50586.3(85.7--87.0)1(Reference)Western Europe18,585109270.4(66.1--74.8)0.8(0.8--0.9)Eastern Europe353311048.6(38.2--59.0)0.5(0.5--0.7)Africa8152750.3(29.1--71.5)0.6(0.4--0.8)Middle East11281822.3(11.0--33.5)0.4(0.2--0.6)Indian subcontinent and East Asia24885645.2(31.7--58.7)0.5(0.4--0.6)North America248424875.6(65.8--85.3)0.9(0.8--1.0)Central and South America8821427.8(12.2--43.3)0.3(0.2--0.5)Central and Southeast Asia18152019.1(9.1--29.1)0.2(0.2--0.4)

Among men, the age-adjusted hazard ratios revealed a significantly lower risk of hip fracture in all ethnic groups compared to men born in Norway. The lowest hazard ratio was observed in men born in Central and Southeast Asia compared to individuals born in Norway (HR = 0.2, 95% CI 0.1--0.3) (Table [1](#Tab1){ref-type="table"}). The risk of hip fracture was significantly lower among all groups of women born outside Norway compared to women born in Norway. As in men, the group with the lowest hazard ratio compared to individuals born in Norway was women born in Central and Southeast Asia (HR = 0.2, 95% CI 0.2--0.4) (Table [1](#Tab1){ref-type="table"}). This means that Norwegian-born individuals have 5 times higher risk of hip fractures compared to individuals born in these regions.

We found a significant interaction term between age and region of birth for both women (*p* = 0.006) and men (*p* = 0.052). Hazard ratio in the different regions of birth and age categories differ and are shown in Supplementary Table [S2](#MOESM1){ref-type="media"}. As an example, African/Asian men and women showed a lower risk of hip fracture for all age groups compared to Norwegian men and women. This is also shown in Fig. [1](#Fig1){ref-type="fig"}, depicting incidence rates of hip fracture between age groups and regions of birth.Fig. 1Incidence rates (IR) of hip fracture for individuals 50--89 years dependent on age and country of birth

Results from sensitivity analysis are shown in Supplementary Table [S3](#MOESM1){ref-type="media"} and are approximately as those reported in Table [1](#Tab1){ref-type="table"}.

Discussion {#Sec10}
==========

We found a statistically significant lower risk of hip fractures in all immigrant groups compared to Norwegian-born individuals, except for women born in North America.

Several studies have investigated the worldwide risk of hip fracture \[[@CR1]--[@CR3]\]. In both men and women, Northern and Central Europe are considered as high incidence countries; North America, Russia and Australia as regions of moderate risk; and countries in Latin America and Southeast Asia are considered as low-risk areas \[[@CR3]\]. We found the same pattern in our study of immigrants from these regions.

Studies have also reported different incidence rates in ethnic groups within countries. In the UK, the USA and Sweden, comparable results as ours have been reported. Individuals from Africa, East Asia and the Indian subcontinent had a lower risk of hip fracture compared to individuals from Europe and North America \[[@CR10], [@CR11]\]. As other researchers have reported, we found the lowest hip fracture risk among immigrants from countries in Central and Southeast Asia \[[@CR7]\].

Possible explanations {#Sec11}
---------------------

One possible explanation for the lower hip fracture rates in immigrants compared to Norwegian-born, is the so-called healthy migrant effect. That means there is a social selection involved in migration where the healthiest people decide and have the resources to migrate, which means that migrants are often healthier compared to their population of origin. This health selection in migration might explain parts of the health advantages in the immigrant population relative to the host population. Research also shows that immigrants' risk of adopting unhealthy behaviours increases with the duration of residence. In Norway, immigrants' risk of death became similar to that of the host population with increasing lengths of stay \[[@CR12]\]. Thus, there must be other explanations than the "healthy migrant effect" to our findings.

We do not have data on hip fracture incidence from all the countries of origin and for all of the immigrant groups, and the patient registers in some of the countries are imperfect. It is also difficult to compare the incidence among immigrants in Norway with the incidence in their host countries because the age-distribution is different. The immigrant population in Norway is still relatively young and most persons born in other countries living in Norway, have not yet reached the peak age associated with high hip fracture incidence.

Ethnicity could play a role in the incidence and prevalence of osteoporosis and fractures---both thru genetic factors and thru risk factors such as smoking, nutrition, physical activity and body composition \[[@CR7]\].

Low body weight or body mass index and high body stature are risk factors for hip fracture in both men and women \[[@CR13], [@CR14]\]. In Norway, the prevalence of obesity is highest among immigrants from Pakistan and Turkey \[[@CR15]\], whereas people from Northern Europe are in general taller than people from non-Western countries \[[@CR13], [@CR16]\].

Pakistanis living in Oslo had about the same bone mineral density (BMD) in distal and ultra-distal forearm as Norwegian-born individuals, despite the fact that Pakistani immigrants in Oslo had a high prevalence of vitamin D deficiency \[[@CR17]\].

Smoking increases the risk of hip fracture \[[@CR18]\]. Among women from 10 countries with high immigration to Norway \[[@CR19]\], the proportion of smokers were lower than in the total population of Norway. However, the corresponding figure among men was the opposite.

Inactivity is another risk factor for hip fracture, and we know that all immigrant groups included in a Norwegian study reported less physical activity than the total Norwegian population \[[@CR19]\].

Thus, body mass index, height and smoking among women could explain limited parts of the differences we have observed in the present study. Inactivity and smoking among men born outside Norway seem to work in the opposite direction. Complex interactions between lifestyle and socioeconomic variables, age and countries of birth might explain why the risk of hip fracture is so different between populations from different origins. The differences in risk of hip fracture between the immigrant groups and those born in Norway are substantial and it is likely that also genetic and epigenetic factors, could explain parts of these differences \[[@CR7]\]. However, according to a study by Wallace et al. \[[@CR20]\], the variability in incidence rates relates mainly to non-genetic factors.

Strengths and limitations {#Sec12}
-------------------------

The strength of the study is the size of the population, the completeness of the registers covering the whole country and the quality of the hip fracture database. The study includes all residents living in Norway included in the Population and Housing Census in 2001, as well as individuals who immigrated to Norway during the study period. The NORHip database, containing all hip fractures in Norway sustained during the study period, has a high ascertainment \[[@CR14]\], see [www.norepos.no/documentation](http://www.norepos.no/documentation). However, several of the regions of birth, such as Central and South America and Central and Southeast Asia, had few individuals with hip fracture, resulting in wide confidence intervals.

We do not have data on other diseases among the participants in our study, which is a limitation. Although some immigrant groups have a higher risk of cardiovascular diseases compared to Norwegian-born \[[@CR9]\], immigrants do not have higher total mortality compared to men and women born in Norway \[[@CR12]\]. The lower risk of hip fractures in immigrants can thus not be explained by an early death.

Another limitation is the lack of information about the time of residence in Norway for the immigrants, which could have given some indication on whether the hip fracture differences were caused mainly by factors before migration (including genetics and early life exposure) or by factors after migration. Findings from Norway's neighbouring country of Sweden indicate that both factors may be correct. Among immigrants to Sweden, the risk of hip fractures increased with time since immigration, but the risk remained far lower than that for Swedish-born individuals of the same age \[[@CR10]\].

We did not have information about recurring stays outside Norway during the study period. Individuals could also have experienced a hip fracture while staying outside Norway. The use of region of birth to indicate ethnicity is also a limitation as it gives large and heterogeneous ethnic groups.

Finally, there were few individuals among the oldest in some of the immigrant groups. Thus, some immigrants have contributed to fewer person-years in the age-group when fractures usually occur, compared to other groups. Although we have adjusted for age, this limitation could have influenced the results. However, our sensitivity analysis excluding persons older than 80 years of age, indicated this was not a serious problem.

Although not the purpose of this study, it would have been interesting to look at possible explanatory variables to understand differences in hip fracture risk among ethnic groups. To better understand the attributable fractions of the different explanatory variables, detailed information about all relevant variables should be included in future studies.

Conclusion {#Sec13}
==========

We found a lower risk of hip fracture among immigrants born in countries outside of Norway compared to individuals born in Norway. Both in men and women, we found the lowest fracture risk among immigrants from Central and Southeast Asia. Norwegian-born individuals had more than 5 times the risk of hip fractures compared to individuals born in these countries.
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NOREPOS (The NORwegian EPidemiologic Osteoporosis Studies) is a collaboration between epidemiologic osteoporosis studies, which are sub-studies within large population-based surveys in four districts of Norway (Tromsø, Nord-Trøndelag, Hordaland, Oslo). The NOREPOS Hip fracture Database (NORHip) includes all hospitalizations for hip fracture in Norway.
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